he architect Louis Sullivan wrote that, for all things, "form ever follows function". In keeping with this rule, energyproducing organelles called mitochondria exist in different forms in different cell types 1, 2 and under different conditions 3 . Long, contiguous assemblies of mitochondria promote energy production, whereas stress causes their fragmentation into small, round, disconnected units. Mitochondria switch between these two forms through rounds of fission and fusion 4 . Writing in Science, Toyama et al. 5 identify a signalling pathway that triggers the fission of long mitochondrial assemblies in response to stress.
The energy status of a cell can be measured by the ratio of AMP molecules (an end product of chemical-energy expenditure) to energycarrying ATP molecules in the cytoplasm. Mitochondria produce ATP in response to energy depletion. One sensor of energy depletion is an evolutionarily conserved protein known as AMP-activated protein kinase (AMPK). This protein is activated by binding AMP or by stresses that deplete ATP and increase the AMP:ATP ratio, such as glucose deprivation, inadequate blood supply and lack of oxygen 6 . Activation of AMPK enhances the production of mitochondria and improves endurance -indeed, the use of drugs that activate AMPK, such as AICAR, is banned from competitive sports by the World Anti-Doping Agency. AMPK phosphorylates several substrates 6 , thereby regulating metabolism, mitochondrial proliferation and an intracellular degradation process called autophagy. However, previous studies have not demonstrated whether AMPK directly regulates mitochondrial form.
Researchers have known for years 7 that mitochondria undergo fission and become fragmented in response to poisons such as cyanide, which damage the organelles by inhibiting the electron transport chain (ETC) that drives ATP synthesis. But how such mitochondrial dysfunction is sensed, and how it triggers a rapid fission response, has remained unclear.
Toyama et al. found that AMPK is rapidly activated in response to the ETC-inhibiting drugs rotenone and antimycin A, presumably as a consequence of an increased AMP:ATP ratio. Mitochondria became fragmented in drug-treated cells, but this response was prevented by deletion of the gene that encodes AMPK. By contrast, pharmacological activation of AMPK with AICAR was sufficient triggering catastrophic ice-sheet collapse? Does the additional meltwater that forms during periods of warming lubricate ice streams, causing them to discharge ice faster for prolonged periods? Stokes and co-workers' results suggest not.
However, the relevance of these findings to future ice-sheet behaviour is not totally clear, because the Laurentide Ice Sheet is not an exact analogue of today's ice sheets. For example, much of the Laurentide (including the ice streams embedded in it) terminated on land, whereas ice streams within the Greenland and Antarctic ice sheets terminate in the sea. Furthermore, present-day ice streams are largely 'fixed' in space by the mountains through which they pass 7 , and therefore could flow for thousands of years. This differs from the many Laurentide ice streams that were not confined by the underlying landscape, and thus were typically more ephemeral.
Predicting the pace of future ice loss and sealevel rise is an enormous challenge. With their improved sophistication, numerical ice-sheet models have led to great strides in our understanding of how quickly ice sheets may vanish in the future, particularly marine-based ice sheets such as the West Antarctic Ice Sheet 8, 9 . Stokes and co-workers' strategy of extracting data from relict ice-age landscapes provides a new viewpoint. As the Greenland Ice Sheet, and particularly the East Antarctic Ice Sheet, eventually retreat from the ocean, the Laurentide Ice Sheet becomes more closely analogous to them. Continued effort is needed to discover other secrets hidden in the palaeo-record of ice-sheet response to past climate change.
The current findings may not provide guidance about ice-stream changes during this century, but they will help us to predict the pace of long-term ice-sheet disappearance. And although ice sheets will inevitably lose the current tug of war, it is reassuring to know that the competition might not end catastrophically. ■ 
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Form follows function for mitochondria
The fission of organelles called mitochondria has now been linked to the stress-sensor protein AMPK. When activated by stress, this protein phosphorylates the mitochondrial receptor protein MFF, which recruits the fission machinery. Mitochondria, which are the cell's energy centres, sometimes exist in fused assemblies that can be fragmented in response to stress. The receptor protein MFF is located on the outer membrane of such assemblies, at putative separation sites. Toyama et al. 5 report that, when activated in response to stress, the enzyme AMPactivated protein kinase (AMPK) phosphorylates (P) MFF, which then recruits the protein Dynaminrelated protein 1 (DRP1) to the membrane. DRP1 forms constricting spiral complexes around the mitochondria, mediating fission.
J U ST I N F E A R & B R I A N O L I V E R
W ithin-species genetic differences are central to many biological phenomena, from evolution to disease susceptibility. One of the most under-studied intraspecies differences is sex. We tend to think of sex in terms of characteristics that are related to reproduction, but differences between sexes extend to many parts of the body. For instance, the midgut (an absorptive organ similar to the small intestine) of the fruit fly Drosophila melanogaster is longer in females than in males -especially after mating, when females produce many eggs that are replete with proteins and lipids 1 . On page 344 of this issue, Hudry et al. 2 report that a previously unidentified branch of the sex-determination pathway underlies this dynamic difference in organ size, by controlling the proliferation of stem cells in the midgut.
The classic view of sex determination in fruit flies involves a regulatory cascade in which genes are spliced into different forms in a sex-specific manner 3 . These early steps in fly sex determination differ from those in the mammalian set-up, but the ultimate outcomes are similar. In flies with two X chromosomes, the protein Sex lethal (Sxl) splices an RNA called transformer (tra) into a protein-coding isoform. The TRA protein, acting with its cofactor TRA2, binds to both the RNA produced from the doublesex (dsx) gene, splicing it into a female-specific isoform, and to the RNA of fruitless (fru), blocking production of a malespecific isoform. In XY flies, the gene Sxl is not expressed. As such, dsx and fru are spliced into male-specific isoforms by default. Through another pathway, Sxl prevents dosage compensation in females (in males, transcription of genes on the X chromosome is upregulated, to compensate for the fact that females have two copies of X).
Hudry et al. investigate sex-specific differences in gene expression in the fruit-fly midgut. They report that genes involved in cell division are preferentially expressed in females. Furthermore, they find that Sxl acts to enhance the proliferative capacity of intestinal stem cells in the female midgut. These differences from the male midgut help to explain the larger, more-plastic guts found in females.
The authors go to great lengths to demonstrate that these sex-specific differences are not regulated by the classic splicing pathway. They rule out a role for dsx and fru in female gut growth and plasticity and provide evidence that TRA2 might also be dispensable. However, there is a caveat to this suggestion -although mutation of tra2 had no effect on proliferation, there was still TRA2 activity in these flies. By contrast, tra expression is required for proliferation to be enhanced in females. Thus, sex differences in the fruit-fly midgut are regulated by a previously unidentified branch of the sex-determination pathway, one that is downstream of Sxl and TRA.
Plasticity in the female gut is blocked by downregulating Sxl, but Hudry and colleagues show that plasticity can be rescued by the expression of TRA. These data make a convincing case that sex differences in the gut are mediated by tra rather than by dosage compensation. Moreover, misexpression of tra in
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Females have a lot of guts
The discovery of sex-biased proliferation in the intestinal stem cells of fruit-fly midguts reveals that the organ's size is determined by a previously undefined, sex-specific molecular pathway. See Letter p. How does AMPK relay signals to the mitochondrial fission machinery? The core mitochondrial fission factor is the enzyme Dynamin-related protein 1 (DRP1), which wraps around constriction sites at the mitochondrial membrane, forming spiral complexes that mediate scission. DRP1 is primarily located in the cytoplasm 8, 9 , but is recruited to prospective mitochondrial scission sites by receptor proteins such as MFF (ref. 10). Toyama and colleagues showed that AMPK directly phosphorylated MFF at two aminoacid residues, serine-155 (S155) and S172, consistent with results from a previous study 11 . This modification increased the recruitment of DRP1 to mitochondria (Fig. 1) . Furthermore, mutations that blocked MFF phosphorylation prevented poison-mediated mitochondrial fragmentation and DRP1 recruitment.
Thus, the authors have identified a mechanism that regulates mitochondrial form, and probably function. They propose that the increased fission induced by AMPK facilitates selective elimination of the damaged mitochondria through autophagy, which may act as a quality-control response to the poisons. In support of this suggestion, mitochondrial fission has previously been linked to engulfment and elimination of damaged mitochondria by autophagosome structures, which mediate autophagy 12 . Therefore, the authors' proposal is a plausible explanation for their observations, and deserves further study.
Although glucose deprivation or starvation can also increase the AMP:ATP ratio and activate AMPK, starvation does not lead to fission, but actually inhibits the process, causing mitochondria to elongate 13, 14 . How different stimuli that activate AMPK can lead to distinct mitochondrial responses will be an interesting avenue for exploration. Perhaps, for instance, differential modulation of DRP1 phosphorylation controls these varied responses. There is evidence 13, 14 that starvation of cells causes DRP1 phosphorylation at S637. It has also been reported 15 that AMPK activation indirectly phosphorylates DRP1 at S637, and this phosphorylation has been linked to the inhibition of DRP1 and a decrease in mitochondrial fission 16 . Although it is not clear how the activation of AMPK by different energetic stressors yields opposing effects on mitochondrial morphology, it seems apparent that damage is distinguished from energetic demand, leading to fission and quality control, rather than fusion and energy production. The pathway identified by Toyama et al. highlights the importance of fine-tuning mitochondrial-fission responses to different stimuli. Because form follows function, the authors' study implies that AMPK works in the context of other cellular signals to promote a variety of mitochondrial functions. ■
